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Casting is an integral part of prosthetic dentistry in the fabrication of indirect 
restorations that have, time and again proved to be more durable than direct 
restorations.  
Swasey (1890) introduced a technique for preparing gold inlays by adapting a gold 
foil on the tooth and then removing it and investing it and filling it with 20-karat gold. 
This technique was later modified by Martin
23
 (1891) using wax for making gold 
inlays without the use of a foil liner, by investing the wax pattern which was burnt out 
to form the mould. Philbrook
28
 (1896) later introduced the pressure casting method 
for producing inlays, a technique much similar to the one currently in use and 
presented it before the Iowa State Dental Society in 1897, but contemporary dentistry 
was not evolved by then, to recognize its magnitude. Seldom did he know the gravity 
of his discovery. 
It was only after ten years since that Taggart
35
 (1907), whose name is almost 
synonymous with the Lost-wax technique, presented before the NewYork 
Odontological group, his casting method and machine. This became a roaring success 
and his improved casting machine, a design built upon Philbrook’s original idea, saw 
the light of day. But the shortcoming was, the castings were literally coming short of 
the desired dimensions and couldn’t fit the cavities. This problem was addressed by 
Van Horn
38
 in 1910, with a proposal of a radical idea of expanding the wax pattern 
prior to investing it.  
The industry of the day and the market gobbled the idea up and churned out 
equipment that could cast better-fitting restorations. Next in this line were the 
significant milestones of development of cristobalite investment in 1929 by Coleman 
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and Weinstein, whose recommendations lead to the materialization of American 
Dental Association Specification No.2.  All these made it possible for dental castings 
to be increasingly more accurate. 
The National Bureau of Standards specifications (1920) came out, standardizing the 
composition of dental casting investments and its physical characteristics. They 
prescribed the composition to be that of silica, either as quartz or cristobalite, and a 
gypsum binder. Dental casting investments also have in them, modifiers- sodium 
chloride, boric acid, potassium sulphate, graphite, powdered copper or magnesium 
oxide to vary their physical properties.  
It was later identified that the surface roughness was dependent on the vacuum 
mixing, the water to powder ratio, investment composition and fineness, temperature 
of the molten alloy, casting force exerted by the molten alloy and wettability of the 
wax pattern by the investment. 
This diversity of variables was the central point of numerous investigators who 
identified the effects of altering the different conditions, investment materials and 
techniques, on the dimensional accuracy and fit of cast restorations. The techniques of 
manipulating the investment and external forces on the setting investment also have 
been found to have a profound effect on its microstructure. 
Vacuum mixing of the investment materials has been done since the National Bureau 
of Standards’ early work and Phillips29 (1947); Ireland (1949) published articles on 
the merits of such technique. They were strongly of the belief that smooth, nodule-
free castings can be routinely produced by vacuum investing.  
Chandler HT
8
 (1973) took note of this particular character and saw this as an 
opportunity to reduce the air entrapment during the setting by applying external air 
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pressure by means of a pressure pot. He found that this procedure reduced the number 
of air bubbles entrapped in the investment resulting in smoother casting.   
This procedure did not withstand the test of time and gradually disappeared, its trail 
fading from literature and over time, only a very few studies have been done in this 
regard and there is not a single study that collectively correlates the effect of air 
pressure application during the setting process of an investment material. 
Tidy DC
36
 (1974) studied the gas permeation through investment materials, which he 
thought was very important in obtaining good castings. He presented various formulae 
governing the air permeability of casting investments. The distinction between 
porosity and permeability was laid out clearly, thus; porosity was the proportion of the 
bulk volume occupied by voids and it has no reference to permeation of air unless 
those voids were all interconnected. Permeability was defined as the measure of the 
ease with which air could permeate through a porous medium. 
Also, concerns have been raised about this application of external pressure on the 
permeability of the investment that is required for the gases to escape the mould when 
the molten metal fills it. This particular investigation has not been done till date. The 
effect of such change in permeability or lack of porosity thereof has been argued to 
have an effect on the casting and result in back pressure porosity or defective flow of 
the molten metal into the mould. This view is conflicted and opposed by other 
researchers. 
Hence there is a need for a comparison of the air entrapment and permeability of 
investment material which is set at atmospheric pressure with that of a higher 
pressure. The clinical significance of investments set under these conditions needs to 
be studied by casting metal into patterns invested in them. Evaluating the number of 
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cast nodules, presence of backpressure porosity or defective casting in any form needs 
to be identified. 
Newer investment materials with improved properties have been developed now and 
in the contemporary age, these investment materials are expected to have different 
properties and the external air pressure applied, would thereby, produce varied results. 
A comparative study of the number of air bubbles entrapped inside the investment, 
specifically those on the investment surface in contact with the wax coping from 
samples that have set under atmospheric; and at a higher pressure; would reveal the 
effect of external pressure on the setting of such newer investment materials.  
This study aims to evaluate the effect of using two different external air pressures 
(35psi and 70psi) applied during setting of investment by enumerating the number of 
voids on the surface of the investment cores and comparing it with samples set under 
atmospheric pressure.  
Further, the permeability of the investment material set under the above mentioned 
pressures (35,70psi) is also studied to verify whether or not, this increased amount of 
air pressure would cause a denser mass of investment around the mould space. And 
the effect of this change on the potential build-up of backpressure is also considered.  
Thus, the study investigates the effect of air pressure on the permeability and the 
porosity of the investment material and how it affects the fitting surface of the 
copings.  
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AIMS AND OBJECTIVES 
1. To evaluate and compare the number of voids on the surface of two 
investment materials, set with and without external air pressure; and to compare the 
effect of two different external pressures - 35psi and 70psi on setting.  
2. To evaluate the number of cast nodules on the fitting surface of the copings in 
all three conditions - atmospheric pressure, 35psi, 70psi to verify the relevance of the 
voids on the resultant castings. 
3. To evaluate and compare the air permeability per unit time of the investment 
materials set under different pressures. 
 
The tested null hypotheses were the following: 
Null Hypothesis number 1: H01 
The application of external air pressure during setting of the investment does not 
cause any change in the number of voids on the mould surface of investment. 
Null Hypothesis number 2: H02 
The application of external air pressure during setting of the investment does not 
cause any change in the number of cast nodules on the fitting surface of the copings. 
Null Hypothesis number 3: H03 
Application of external air pressure during setting of investment material does not 
affect the air permeability of investment material. 
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The properties of Investment materials have been studied and different techniques of 
investing have evolved to improve the accuracy of the casting process and the fit of 
the finished restoration. Application of external air pressure during the setting of 
investment material has been done since earlier times, first documented by  
Chandler HT
8
 (1973), for the purpose of reducing the number of voids at the pattern- 
investment interface that would cause cast nodules and compromise the fit. 
Air permeability of the set investment is very essential for evacuation of air inside 
during mould filling by the molten metal. Several authors have researched upon this 
but with evolution of newer materials and instruments, continued studies are needed. 
 Martin O23 (1891) was the first person to introduce the technique of fabrication 
of wax pattern in restorative dentistry. Until then direct gold fillings were used 
which were associated with the problem of marginal leakage. Wax patterns of 
the preparations could be used for fabrication of indirect restorations that 
would be more accurate in their fit.  This was the first milestone in the 
development of the casting process in dentistry 
 
 Philbrook BF28 (1896) introduced the technique of pressure casting. He is 
debatably the founder and father of dental casting procedure. In his technique, 
the wax pattern was formed directly in the mouth, mounted on a sprue pin, and 
invested in a metal ring, with plaster of Paris and Silex used as an investment 
medium. The metal ring was placed in an oven for wax elimination. Finally, 
the alloy was melted in a crucible formed in the investment, and cast by means 
of air pressure. 
REVIEW OF LITERATURE 
 
 
7 
 
  
 Taggart WH35 (1907) presented a method of making gold inlays before the 
New York Odontological society at its anniversary meeting. He said that a 
radical improvement in fabrication of gold inlays could be made by following 
a new method. He proposed that direct wax patterns of the prepared cavity be 
made and retrieved to be attached to a sprue wire. Following this, it was 
embedded in an investing material, the flask was then put over a flame and a 
mould resulted. He used nitrous oxide blow pipe flame for melting the gold 
and compressed air attachment for forcing it into the mould under pressure of 
25-40psi. He was of the opinion that the external pressure of casting controlled 
the otherwise problematic contraction on solidification. 
 
 Lane20 (1909) proved through his experiments that no amount of pressure 
would prevent shrinkage (even as high as 45psi). He observed that the 
condition more correlated to shrinkage was the temperature of the flask at the 
moment of casting. He produced castings that showed shrinkage of 0.0008 
inch from a pattern that was 0.5000 inch by having the flask exceedingly hot 
at the moment of casting. Thus he concluded that we could vary the size of the 
casting by varying the temperature of the flask. 
 
 Ward ML40 (1909) reviewed the effects of shrinkage and emphasized that the 
percentage of shrinkage depended upon the size of the casting and hence it 
was small with smaller castings as was the case with most dental castings. He 
spoke of the problems of gold casting and the fluidity, mould filling and 
moved on to highlight the importance of the refractory investments. His study 
of the existing investment materials revealed that Plaster and silica were the 
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chief constituents; the calcium sulphate of the plaster serving as the binder. 
Silica was the compound deemed to expand when heated. The author 
condemned the use of alumina, magnesia as they contracted upon heating. A 
proper proportion of plaster (for strength and binding) and silica (for 
expansion) was of paramount importance according to the author. 
 
 Van Horn CS38 (1910) proposed a technique for fabrication of castings which 
would be the same size as the wax pattern made intra-orally at mouth 
temperature. He tried to address the problem of shrinkage of gold on 
contraction. Reviewing the earlier studies that advocated heating and 
expanding the mould; he said that, by having the investing material and the 
flask, sufficiently above body temperature (115-120
0
F), when the pattern is 
invested, shrinkage of gold could be compensated. The temperature was 
maintained at 100
0
 F during the first fifteen minutes of setting. This technique 
was found to produce more accurately fitting castings. 
 
 Phillips RW29 (1947) did a study on the relative merits of vacuum investing 
and found that smooth castings, free from bubbles and nodules, could 
routinely be produced by use of vacuum equipment. Vacuum investing 
produced a denser mass of investment, as measured by an air flow meter, 
which resulted in slightly greater crushing strength of investment. The 
increased density of the investment in turn produced a denser casting surface. 
The water-investment ratio and setting time were not altered appreciably by 
the use of vacuum. The temperature change in the wax pattern was only 2
0
F 
under normal operating conditions. 
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 Hinkel Jr ET, Nachod FC, Tainter ML13 (1948) used an air permeability 
method to determine the average particle diameter of powders. They suggested 
that the particle size and air permeability were directly proportional and 
proved it in their study. They also proposed that incomplete dispersion of 
particles in the fluid medium resulted in faster settling of agglomerates and an 
apparently greater proportion of larger particles with greater permeability 
values. Agitation of the setting mix caused re-suspension and uniform 
permeability of the sample.  
 
 Shell JS33 (1961) studied the permeability of investment at the casting 
temperature and found that the permeability of investment before burn-out was 
negligible. No reading on the flowrator was ever obtained with "green" 
investment, indicating a minimal amount of permeability. When the wet 
investment was placed in the furnace at 850° F, the first permeability readings 
were obtained after about 10-15 minutes. This increased to a maximum at 
about 25-30 minutes and remained rather constant up to 12 hours. Vacuum 
investing always gave a higher permeability than a non-vacuum mix. A 
possible explanation as given by him was that the vacuum technique broke up 
the large air bubbles into a multitude of small voids, which provided less 
restriction to the passage of air. He also postulated that the fusion of some of 
the chemicals in the investment could seal some of the passages decreasing the 
permeability moderately with longer burn-out time and more appreciably 
decrease the permeability with an increase in the burn-out temperature from 
850° to 950° F 
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 Peyton FA, Craig RG27 (1962) did a study to analyse the compatibility of 
duplicating compounds and casting investments. The three main parameters 
highlighted in the study were the surface detail reproduction, hardness of the 
surface of investment poured against various compounds and the dimensional 
changes due to thermal expansion that take place during setting of investment. 
They concluded that phosphate bonded investment which expanded 
considerably during setting was compatible with the plastic duplicating 
compound but incompatible with agar. The hardness was also found to be 
better when poured against plastic duplicating material rather than an 
elastomer. 
 
 Chandler HT et al8 (1973) stated that even with vacuum investing, air bubbles 
could be entrapped on flat or concave surfaces that were not facing the 
direction of air evacuation. Hence he attempted to reduce the air entrapment 
during the setting of investment material by applying external air pressure of 
35psi for 30min by means of a pressure pot. He found that this procedure 
reduced the number of air bubbles entrapped in the investment and a smoother 
surface of casting. This method had been used successfully over a two-year 
period for over 20,000 units of fixed partial denture crown and pontic castings. 
 
 Fusayama T, Yamane M11 (1973) studied the surface roughness as produced 
by the various types of casting machines. He concluded that: 
o The roughness of the general areas as well as the area of the especially 
rough parts were smallest with the steam-pressure casting, small with 
the air-pressure casting, and greatest with the centrifugal castings. 
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o The roughness of the general areas increased little by increasing the 
pressure of the air-pressure casting machine from 10 psi to 20 or 30psi. 
The results changed little by increasing the number of windings of the 
centrifugal casting machine from two to three. 
o In centrifugal castings, the extent of the especially rough areas was 
greater with the gas heating than with the electrical heating and greater 
with the horizontal mould than with the hanging mould. 
 
 Mabie CP22 (1973) did a petrographic study of the refractory performance of 
phosphate-bonded investments and found that sinter bonding by fusion-
induced silica recrystallization was responsible for the strength of the 
phosphate investments. These sinter bonds were because of the forming 
forsterite, quartz, tridymite or cristobalite or both. They pointed out that the 
thermal and corrosive effects from casting could induce intense liquefaction at 
the interface. This was thought to cut down the ease of gas escape from the 
mould, promoting casting porosity. Other problems observed were 
deformation of mould in anisotropic fashion and rough castings. 
 
 Tidy DC36 (1974) studied the permeability of dental casting investments and 
concluded the following points. The absolute permeability of a phosphate 
bonded and a gypsum-bonded investment were measured and found to be 
5430 nm
2
 and 15,300 nm
2
 respectively. The presence of a surface layer on the 
investment had a measurable but unimportant effect on gas permeation. 
Thinner mixes of investment gave higher permeability values. The porosities 
of the investments were 31.5 and 50 per cent for phosphate-bonded and 
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gypsum-bonded types respectively. Their values were affected slightly by the 
powder: liquid ratio and burn-out temperature. The absolute permeability of 
the investment was found to increase during the burnout cycle, especially 
above 500
0
C. The coefficient of permeability to air passed through a minimum 
value at 500
0
C during burn-out, and rose again as the temperature value was 
near 1000
0
C. Transient and high-pressure permeation effects have been 
evaluated in relation to the dental casting process. 
 
 Ballard GT, Leinfelder KF, Taylor DF5 (1975) investigated the gas 
permeability and porosity of various gypsum-bonded and phosphate bonded 
dental casting investments at recommended burnout temperatures. They 
defined porosity as the measure of the volume percentage of an investment not 
occupied by a solid and permeability as the measure of the ability of the gas to 
flow through an investment. Unconnected or discontinuous porosity was found 
not to contribute to permeability. In this investigation, it was found that 
phosphate bonded materials were only three-fourths as permeable compared to 
gypsum bonded investment materials. And in spite of the differences in 
permeability, the porosity of each type of investment was nearly constant.  The 
addition of acrylic polymer increased porosity and permeability of all of the 
materials included in this investigation. 
 
 Walsh JF39 (1977) performed a neutronographic analysis to study the 
mechanism of wax elimination from investment moulds. Neutronographs 
visually recorded changes in cross-sectional density of a thermal neutron beam 
passing through a target. The results suggested that elimination of wax from 
an invested pattern occurred by diffusion of the wax into the mould during the 
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heating process. Diffused wax then volatilized as the environmental 
temperature penetrated to the core of the mould. It seemed reasonable to 
suggest that the by-products went through the pores in the investment material 
rather than through the access sprue. 
 
 Cooney JP9 (1979) evaluated two phosphate-bonded investments for surface 
smoothness and the fit of castings obtained. A modified technique for each 
material was also tested where the silica sol was used undiluted. This gave 
longer working time and a more fluid mix, which allowed easier investing of 
wax patterns. He concluded that  
o The marginal fits obtained with all four phosphate- bonded methods 
were comparable to each other and superior to that obtained with the 
calcium sulphate investment. 
o The presence of nodules on the surface of the castings was more 
prevalent with the phosphate-bonded investments. However, this effect 
was not statistically significant. 
o Clinical assessment of the roughness of the castings revealed that all 
the methods tested produced clinically acceptable castings.  
o No correlation was demonstrated between surface roughness, as 
evaluated by either clinical observation or scanning electron 
microscope photography, and marginal fit of the castings. 
 
 Neiman26 (1980) found that in Phosphate-bonded investment materials, that 
consisted of magnesium oxide and ammonium diacid phosphate, as the 
investment was heated, six different reactions were activated and the 
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compounds completed a series of chemical transformations to form a final 
product above 1040
0
C. It was also confirmed by him that the ammonium 
diacid phosphate binder compound reacted with the silica refractory material 
at an elevated temperature to form a silico-phosphate product. In addition, the 
phosphate bonded investments utilized a distribution of silica particle sizes 
rather than a single size of particles to produce higher expansion values. 
 
 Wight TA, Grisius RJ, Gaugler RW41 (1980) evaluated three factors affecting 
the casting of base metal alloys. He studied the effect of sprue thickness, 
investment thickness and venting on the castings. The results were as follows- 
suck back porosity was observed significantly more in samples that were 
unvented. 1mm size sprues gave defective castings even when vented. Use of 
2 to 3mm had little effect with or without venting.  
 
 Morrison JT, Duncanson MG, Shillingburg Jr HT24 (1981) did a study 
comparing the effectiveness of wax pattern surface treatments in reducing 
contact angles incident at wax pattern-investment interfaces. They used Die 
lubricant and Surface tension reducing agent in this analysis. They concluded 
that the use of either agent significantly improved the wettability of the wax 
pattern which was otherwise found to be poor. There was no significant 
difference between the use of Die lubricant and Surface tension reducing agent 
but excess die lubricant left on the wax pattern was found to interfere with the 
setting of the investment material. 
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 Baran GR6 (1983) considered and analyzed the metallurgical difference 
between difference alloys and reviewed the relationship among composition 
and microstructure, mechanical properties, handling, and indications for these 
alloys. They focused mainly on the casting, burnishing, polishing, and the 
nature of porcelain-to-alloy bonding. The effect of different additions and the 
significance of addition of alloying elements were studied.                    hjhj 
 
 Grajower R, Lewinstein I12 (1983) published a mathematical treatise on the fit 
of crown castings. They analyzed mathematically the effect of compensatory 
expansion of metal investment systems and relief space on the fit of crown 
castings for different tooth preparations. They concluded that the thickness of 
the spacer should allow for the cement film thickness, roughness of the tooth 
and casting surfaces, dimensional inaccuracies of the die, and distortions of 
the wax pattern. They emphasized the importance of the spacer required to be 
thick in areas of wax pattern that restricted investment setting expansion. 
 
 Lacy AM et al19 (1985) studied the setting of phosphate bonded investments 
and pointed out the side-effects of liberation of gas bubbles, which often 
adhere to the surface of the wax pattern and result in positively cast nodules on 
the surface of the casting. He evaluated the effect of different investing 
variables on the incidence of bubbles cast to wax patterns invested in a 
phosphate- bonded investment and concluded the following: 
o Dilution of special liquid had no effect on the incidence of bubble 
formation for mixes of high liquid/powder (L/P) ratio. 
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o Machine mixing under vacuum was more effective than hand mixing 
under the same conditions in reducing the number of bubbles formed 
from these investments. 
o Increasing the mixing time from 40 to 90 seconds had a small effect on 
reducing the incidence of bubbles; the effect was more consistent for 
machine mixed investments at higher L/P ratios. 
o High L/P ratios favoured reduction of the incidence of bubbles for any 
selected mixing time and mode. 
o Debubblizer was effective in reducing the incidence of bubbles 
adhering to the pattern surface. 
o The minimum number of adherent bubbles could be achieved by 
machine mixing investments using a high L/P ratio and by treating wax 
patterns with debubblizer prior to investing them. 
 
 Mueller HJ25 (1986) studied the particle size distributions and pore-size 
distributions of set fired investments by means of electrozone size analysis and 
mercury intrusion scanning porosimetry respectively for gypsum, phosphate 
and silicate bonded investments. He found that the porosity of investments 
could be attributed to two different components; the matrix and the refractory 
elements. Matrix porosity was found to be the smallest for phosphate bonded 
materials (0.03 to 0.5 µm in radius). The particle-size distribution of the 
investment powders was thought to affect both types of porosities, whereas the 
setting chemistries of the particular investment types could affect matrix 
porosity, by the generation of gaseous by-products. A material containing 
lower pore volume but higher pore surface area was indicative of many small 
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pores instead of a smaller number of larger size pores. For the phosphate 
materials, the status with pores occurring at sizes smaller than about 0.03 µm 
was attributed to the porosity of the refractory components, whereas pores 
occurring at larger sizes could be attributed to matrix porosity. For phosphate 
materials, the reaction between MgO and NH4H2PO4 to low temperature 
intermediate products of NH3MgPO4+ H2O may generate, in addition, small 
amounts of NH4(g) and H2(g). From the standpoint of a finished casting, pores 
of a small enough size were desired, so that smooth surfaces were generated, 
yet at the same time molten alloy was permitted to fill the mould space.  
 
 Scrabeck JG32 (1986) studied the effect of mechanical mixing with and 
without vacuum and found that mechanical mixing with vacuum produced 
specimens with significantly fewer porosities by weight  (p≤0.01) as compared 
to greater amounts of porosities in those mixed mechanically without vacuum. 
Mixing both investment and impression materials under vacuum produced 
samples with fewer porosities and greater weight. It was concluded that 
although no mixing technique produced porosity-free specimens, it was best to 
reduce porosities and improve the potential for accurate replication and 
casting. 
 
 Abu Hassan MI et al1 (1989) developed a reproducible method of determining 
the porosity of cast investment materials by infiltration of a test sample with 
paraffin wax and the weighing the wax- infiltrated sample and pore- volume. 
Wax was then extracted with chloroform and sample was reweighed. The  
 
REVIEW OF LITERATURE 
 
 
18 
 
  
 
difference in weight was used to calculate the porosity of the investment 
material. He showed that gypsum-bonded investments were more porous than 
phosphate-bonded investments while silica-bonded investments were the least 
porous. Hand mixed samples appeared to have greater porosity than vacuum-
mixed samples. 
 
 Johnson A16 (1992) studied the effect of five investing techniques on air 
bubble entrapment and casting nodules and found that the air bubble incidence 
between the pattern and the investment depended on the investing technique 
used and investment in air, and placing it under pressure of 40psi reduced the 
number of bubbles. More cast nodules than air bubbles were also seen at the 
interface of pattern and investment, showing that there may be many air 
bubbles below the investment surface that are entered by the incoming alloy 
during casting. A reduction in cast nodules was seen in all investing 
techniques when a surface tension reducing (STR) agent was used. 
 
 Johnson A, Winstanley RB14 (1994) worked more on his study and 
experimented on an investing technique, in which he mechanically mixed the 
investment under vacuum, invested the pattern without vacuum, and then 
subjected the setting investment to 0.275 MPa of air pressure. It was found to 
produce significantly fewer air bubbles than the other techniques (p=0.0096 
Student's t test). The volume of the air bubbles was not found to be 
significantly affected by the different investing techniques, but the angle  
between adjoining internal pattern surfaces indicated that the more acute the 
angle, the larger the volume of the trapped air bubbles. When a surface tension 
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reducer was used on the surface of patterns, pattern angles of 90° had fewer 
trapped air bubbles than those produced with more acute tooth preparation 
angles, but the surface tension reducer agent had no significant effect on 
bubble volume                                                     ..  
 
 Syverud M, Hero H34 (1995) found that proper mould filling was promoted by 
investments with high gas permeability, so the gases in the mould cavity could 
escape through the investment to the mould chamber. Gases trapped in the 
mould cavity can then escape through the investment to the mould chamber 
and thus, detrimental back pressure was avoided. An MgO-based investment 
with substantial porosity was found to be superior to SiO4-based investments. 
 
 Johnson A, Winstanley RB15 (1996) studied the factors affecting the 
castability of metal ceramic alloys (Ni-Cr) using different conditions of 
investing. He studied many factors among which he compared two investing 
techniques- powder spatulation under vacuum, investment in air and then 
subjected to 0.275MPa of air pressure; with another sample allowed to bench 
set following investment. He observed that samples that were allowed to 
bench set in the absence of external air pressure had better castability. But the 
difference was not found to be statistically significant. 
 
 Likeman PR, Radford DR, Juszczyk AS21 (1996) studied the surface of 
investment materials poured against different duplicating media and found that 
accuracy in duplicating casts requires not only the dimensional stability of the 
duplicating material and the investment in which it is poured, but the physical 
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and chemical compatibility of the materials concerned. A plastic duplicating 
material was found to better, and which would not contain available water 
from the surface of the duplicating medium such as agar that would cause 
crazing on account of the free excess of water from hygroscopic expansion. 
Thus this leaching of water from the surface of the duplicating gel was 
implicated in causing surface changes.                                    …. 
 
 Ewoldsen N, Koka S10 (1998) submitted a report illustrating the usefulness of 
a reliable pneumatic vessel (Wiropress SL) during replication of pattern 
details. They stated that a pressurized environment minimized air inclusions 
and facilitated the flow of investment materials against surfaces, improving 
the captured and replicated details. Pressure investing of dental patterns 
according to them required higher pressures, typically 50-60psi; and they 
found fewer artefacts on the material surfaces invested under pressure 
 
 Juszczyk AS, Radford DR, Curtis RV17 (2000) proposed that handling 
technique that produced the smallest pore size resulted in the highest strength. 
He found that pores appeared to be influential in crack initiation and fracture. 
Significant differences in strength were found between most handling 
techniques. The reduction of pore size by mechanical spatulation and setting 
under pressure was found to be the most effective method of increasing the 
strength of phosphate bonded investments (PBI). Investments were required to 
withstand the loads applied without fracture or distortion to ensure accuracy of 
fit of these prostheses. The use of a handling technique that reduces pore size 
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could significantly increase the strength of PBIs, thereby decreasing the 
possibility of die fracture or degradation. 
 
 Bedi A et al7 (2008) studied the effect of different investment techniques on 
the surface roughness and irregularities of gold palladium alloy castings and 
found that in the specimens set under pressure of 3 bars in a compression 
chamber for 24min, the odds of surface roughness were 9.12 times lesser than 
that of specimens set under atmospheric pressure and that the use of pressure 
could help produce castings with fewer surface irregularities. 
 
 Sarek D, Trytek A, Nawrocki A31 (2009) presented results of permeability of 
moulds which had been made by lost casting wax process. They elaborated 
methodology of mould samples preparing, to allow use of typical sand cast 
permeability tester to measure permeability investment casting moulds.  
Measurement and tests were made using typical sand cast permeability tester. 
Sand casting permeability tester could be used to measure investment casting 
moulds. 
 
 Al-Ali2 (2009) evaluated and compared the number and surface area of surface 
porosities of different dental investment materials by using manual and 
mechanical mixing methods. In relation to the surface area of the porosities, it 
was found that there were high significant differences among the investment 
materials tested, and high significant difference was present between 
specimens mixed with the manual mixing technique showing higher value 
than the mechanical vacuum mixing technique. 
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 Reza F et al30 (2010) determined the permeability of investments and 
evaluated the effects of investment type and casting system on metal 
castability and found that the increase in permeability increased with higher 
gas pressure but the investment with highest permeability did not demonstrate 
the best result for castability and a higher casting force allowed for satisfactory 
clinical results. 
 
 Kline DM18 (2010) tried to improve the investment casting mould 
permeability using graphite particles. He stated that the use of fine particle-
size investment material with high packing density was the key reason for low 
permeability. To improve the flow of gases, sacrificial graphite within the 
investment slurry was incorporated. The layer thickness and particle size ratio 
required was investigated. Computational Fluid Dynamics was used to 
calculate the proportions required and he was able to control the permeability 
by varying the addition of graphite. 
 
 Asaoka K3 (2012) studied the porosity of phosphate bonded investments after 
setting and heating processes and developed a numerical simulation method to 
calculate the functional composition of the investment required to form the 
optimal porosity as well as the process parameters of Water/Powder ratio and 
the keeping time of the mixed casting investment slurry before heat treatment. 
He concluded that increasing the Water/Powder ratio increased the porosity of 
the set and burnout compacts and also that the binder content of investments 
ranged between 13-18%, in contrast with rapid-heating investments that 
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contained a higher quartz content than the conventional investments. 
 
 Bae JY, Asaoka K4 (2013) developed a numerical simulation model based on 
the setting and heating reactions of the binder phase of the phosphate bonded 
investment compacts. They measured the porosities of set and burnout 
compacts experimentally. In their study, they correlated the effect due to the 
following factors: liquid/powder (L/P) ratio, concentration of microsilica 
particles in colloidal silica suspension, and ratio of binder component 
(NH4H2PO4). They concluded that numerical simulation was a viable tool for 
dental materials research 
 
 Tourah A et al37 (2014) studied the effects of setting under air pressure on the 
number of surface irregularities of dental investment materials and found that 
the specimens set under atmospheric pressure had significantly higher number 
of pores than specimens that set under increased air pressure. No statistically 
significant differences for surface roughness were found. 
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The study was done to evaluate the effect of application of external air pressure 
during investing. This was achieved by counting the number of voids on the surface 
of the investment core or divestment core and the nodules on the intaglio surface of 
copings fabricated over them.  
Air permeability was evaluated for the samples of investments that underwent setting 
in atmospheric pressure with that of two higher external air pressure applications. 
TABLE.1: EQUIPMENT 
PROCEDURE S.No INSTRUMENT BRAND,MANUFACTURER 
FABRICATION OF 
STAINLESS STEEL 
DIES 
1 Personal computer Dell, USA 
2 Vertical machining center Makino S33, Singapore 
3 Electrical Discharge 
Machining 
Mitsubish,UK 
MOUNTING OF 
DIES FOR 
DUPLICATION 
4 Pindex Drill Plaster 
Machine 
Laser Pin Woody Sr200, Sirio, 
Italy 
 
DUPLICATION OF 
DIES TO 
FABRICATE 
INVESTMENT 
CORES 
5 Vacuum mixer Easymix, Bego, Germany 
6 Vibrator Buffalo Dental, USA 
7 Pressure Vessel Vertex Multicure Pressure 
Machine, 
 FABRICATION OF 
COPINGS OVER 
THE 
INVESTMENT 
CORES 
8 Dip Wax heater Rayfoster, CA,USA 
9 PKT Instrument Dentsply, USA 
10 Electric wax heater Renfert Gmbh, Germany 
11 Wax caliper GDC, Punjab, India 
12 Furnace Miditherm 100/200MP, Bego, 
Germany 
13 Induction casting 
machine 
Fornax T, Bego, Germany 
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14 Metal trimmers Edenta, Switzerland 
15 Lathe Rayfoster, CA,USA 
16 Sand Blaster Korostar, Bego, Germany 
17 Pneumatic hammer Pillo, Renfert, Germany 
TESTING OF AIR 
PERMEABILITY 
18 Blaine’s air permeability 
apparatus 
Aimil Mfg co, Ambala, India 
EQUIPMENT FOR 
MAGNIFICATION 
OF THE 
INVESTMENT 
SURFACE AND 
COUNTING 
VOIDS/ NODULES 
19 Digital – SLR D3100, Nikon, Tokyo, Japan 
 20 Macro Lens 90mm f2.8 SP-AF Macro Lens, 
Tamron, Tokyo, Japan 
21 Tripod Benro, Zhongshan, USA 
 
TABLE 2: MATERIALS 
 
PROCEDURE S.No INSTRUMENT BRAND,MANUFACTURER 
FABRICATION OF 
INVESTMENT 
CORES 
1 Die Lubricant Iso-stift, Renfert, Germany 
2 Modeling wax Surana Enterprises, Mangalore 
Dental Corporation,  India 
3 Investment material Bellavest, SH, Bego, Germany 
Bellasun, Bego, Germany 
FABRICATION OF 
COPINGS OVER 
INVESTMENT 
CORES 
4 Pattern wax Geo classic, Renfert 
5 Sprue wax Renfert, Germany 
6 Surfactant spray Bego, Germany 
7 Phosphate bonded 
investment 
Bellavest, SH, Bego, Germany 
Bellasun, Bego, Germany 
8 Co- Cr alloy pellets Wirolloy, Bego, Germany 
9 Aluminum oxide Ceramco, Densply, USA 
10 Tungsten carbide 
burs 
DFS, Germany 
SAMPLES FOR 
EVALUATING AIR 
PERMEABILITY 
11 Galvanized iron pipes 
with fitting screw on lids 
Hindustan Pipes, Tamilnadu, 
India. 
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METHODOLOGY 
PART 1: ANALYSIS OF NUMBER OF VOIDS IN INVESTMENT AND 
 CAST NODULES ON FITTING SURFACE OF COPINGS AT 3 PRESSURES 
1.1) Fabrication of standardized metal dies 
1.2) Duplicating the dies 
1.3) Grouping of samples 
Group I: Bellavest SH Invested at Atmospheric Pressure (A-WOP) 
Group II: Bellavest SH Invested at 35 psi (A-WP1) 
Group III: Bellavest SH Invested at 70 psi (A-WP2) 
Group IV: Bellasun Invested at Atmospheric Pressure (B-WOP) 
Group V: Bellasun Invested at 35 psi (B-WP1) 
Group VI: Bellasun Invested at 70 psi (B-WP2) 
1.4) Investing and Retrieval of the Investment cores 
1.5) Numerical Analysis of the number of voids on surface of investment cores 
1.6) Fabrication of wax copings over the investment cores and casting 
1.7) Numerical Analysis of the number of cast nodules on fitting surface of the 
cast copings 
 
PART 2: ANALYSIS OF AIR PERMEABILITY OF INVESTMENTS SET 
UNDER DIFFERENT PRESSURES 
2.1) Assembly of threaded short pipes with lids 
2.2) Grouping of the samples 
2.3) Air pressure investing of the rings 
2.4) Air permeability testing of the set investment discs 
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PART 1: ANALYSIS OF NUMBER OF VOIDS IN INVESTMENT AND 
 CAST NODULES ON FITTING SURFACE OF COPINGS AT 3 PRESSURES 
1.1. FABRICATION OF STANDARDIZED METAL DIES 
Ten standardized maxillary molar crown preparations were designed to be fabricated 
in stainless steel with the following dimensions: occluso-gingival height, 5mm; 
mesio-distal width, 7mm; shoulder width, 1mm; buccal wall angle, 85
0
; and palatal 
wall angle, 85
0
. This resulted in an overall convergence angle of 10
0 
(Diagram 1).  
 
These dimensions were chosen
 16 
and the dies were milled using a Vertical Machining 
Center (Makino S33, Singapore) and Electric Discharge Machining (Mitsubish, UK).  
At milling, the narrow shank of stainless steel blank beneath the base of the die 
following the grinding process was left uncut. This would help in holding and 
retrieval of the dies from duplicating material with a pair of tweezers without much 
distortion (Diagram 2). 
 
a 
c 
a = 5mm;  
b = 7mm;  
c = 1mm;  
d = 5
0
 
 
A Narrow uncut shaft left attached to the 
die to assist holding and retrieval 
b 
d
Diagram-2 
Diagram-1 
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1.2. DUPLICATING THE DIES 
A Rectangular Die stone base was fabricated with dimensions 80mm x 40mm x 5mm 
and Pindex Drill Plaster Machine (Laser Pin Woody Sr200 Sirio, Italy) was used to 
create uniformly spaced drill-holes to mount the metal dies. It was ensured that the 
holes were slightly larger than the corresponding pins of metal dies to warrant 
effortless retrieval of the dies from the duplicating material. Modeling wax was used 
for duplication as it would more closely mimic the surface characters of a wax pattern 
in comparison with silicone/agar. 
 
 
No lubrication was used over the metal dies. Separator liquid was used over the die 
stone base to facilitate retrieval of the wax block along with the metal dies. A close 
fitting plastic box was used to form a matrix for confining the flow of molten wax that 
would be poured over the assembled dies. Following this, the metal dies were 
carefully pried out to form wax moulds. Six sets of such wax moulds were obtained 
(numbered I-VI for their respective groups). Each mould could produce ten duplicates 
of the master metal die. 
Metal dies mounted 
on a Die stone base 
for duplication 
Diagram-3 
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1.3. GROUPING OF SAMPLES 
The samples were grouped under six divisions. Bellavest SH and Bellasun were the 
two materials used in the study and three conditions (14.7psi, 35psi, 70psi) of 
investment were considered for evaluation of the number of voids.  
 
TABLE 3: GROUPING OF SAMPLES FOR EVALUATING VOIDS AND 
CAST NODULES 
Test 
Group* 
Investment 
material 
Investment conditions n Pressure  
(in psi) 
I  Bellavest SH 
(Investment A) 
Atmospheric pressure      (A-WOP) 10 14.696 
II Air pressure 1                   (A-WP1) 10 35.000 
III Air pressure 2                   (A-WP2) 10 70.000 
IV Bellasun 
(Investment B) 
Atmospheric pressure      (B-WOP) 10 14.696 
V Air pressure 1                  (B-WP1) 10 35.000 
VI Air pressure 2                  (B-WP2) 10 70.000 
 
* The Group numbers I-VI correspond to their respective wax moulds numbered I-VI 
 
 
Wax mould formed 
by pouring wax in 
relation to the 
mounted metal dies  
Diagram-4 
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1.4. INVESTING 
Surfactant liquid was coated carefully into the wax wells. Vacuum mixing and 
investment in air, was done for all the six groups. 
Group I: Bellavest SH Invested at Atmospheric Pressure (A-WOP) [Poured in 
wax mould I] 
Bellavest SH investment material was dispensed into the vacuum mixer according to 
the recommended powder: liquid ratio specified by the manufacturer. Vacuum mixing 
of the investment was done and the wax mould block [Mould I] was placed on a 
vibrator and the investment material was poured into the moulds. A vibrating time of 
30 seconds was used. A plastic jar was inverted over the setting investment kept on a 
bench top to avoid elimination of moisture and to maintain the humidity while 
maintaining atmospheric pressure (14.696psi). A setting time of 60 min was allowed.  
Group II: Bellavest SH Invested at 35 psi (A-WP1) [Poured in wax mould II] 
The investment material was mixed, poured and vibrated similar to the samples of 
group I. Following vibrating time of 30 seconds, the wax mould [Mould II] with the 
poured investment was carried into the pressure vessel for application of external air 
pressure of 35 psi. It was programmed for a period of 60min at 25
0
 C. External air 
pressure was maintained constant over the setting time.  
Group III: Bellavest SH Invested at 70 psi (A-WP2) [Poured in wax mould III] 
The procedure for this group was similar to Group II but a higher pressure of 70 psi 
was used in the pressure vessel for the same period of time (60min) at the same 
temperature (25
0
 C) 
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Group IV: Bellasun Invested at Atmospheric Pressure (B-WOP) [Poured in wax 
mould IV] 
Group IV was invested similar to that of samples in Group I. Bellasun Investment 
material was used for the same procedure 
Group V: Bellasun Invested at 35 psi (B-WP1) [Poured in wax mould V] 
The procedure followed for this group was the same as that of Group II, with Bellasun 
investment material instead of Bellavest 
Group VI: Bellasun Invested at 70 psi (B-WP2) [Poured in wax mould VI] 
Using Bellasun investment material, the procedure in Group III was followed to 
subject the setting investment to an external pressure of 70psi 
 
Breakup of samples of investment core fabrication according to  
external pressure application: 
 
 
Group I Bellavest SH (10samples) Wax Mould I,  
Group IV Bellasun (10 samples) Wax Mould IV 
Group II Bellavest SH (10samples) Wax Mould II,  
Group V Bellasun (10 samples) Wax Mould V 
Group III Bellavest SH (10samples) Wax Mould III,  
Group VI Bellasun (10 samples) Wax Mould VI 
14.70 psi 
35.00 psi 
70.00 psi 
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Following the setting of investment after a period of 60 min under atmospheric 
pressure or invested in pressure chamber, the set investments were retrieved. The wax 
mould was flexed to remove the cores without use of any instrument to avoid 
damaging the surface (see Fig 13). The replicas of the metal dies in investment 
material henceforth are termed investment cores.                                          … 
 
1.5. NUMERICAL ANALYSIS OF THE NUMBER OF VOIDS ON SURFACE 
OF INVESTMENT CORES 
The investment cores obtained from Group I –VI were subjected to analysis to 
evaluate the surface voids. A digital SLR mounted on a tripod was used. Ten 
investment cores of each group were placed on a black contrast sheet. Unidirectional 
lighting was focused onto the cores at an axis perpendicular to the line of the camera 
lens. This was done to clearly help distinguish the voids as shadowed depressions. No 
in-built or external flash was used. The following settings were used for recording the 
images: f 14, ISO 100, 90mm. 4 photographs of each die were taken- one, of the 
occlusal aspect; and three, of the axial surface. The die was rotated through  
120
0
 by placing it on a 360
0
 protractor to ensure that areas counted for voids did not 
overlap. 
The photographs thus obtained were transferred to the personal computer. Picasa 
software was used to organize and sort the photos into the respective groups. Each 
group, thus had a total of 40 images (10 investment cores x 4 images = 40 images). 
The number of voids in each photograph was counted and the total values were 
tabulated for all the groups.  
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1.6. FABRICATION OF COPINGS OVER THE INVESTMENT CORES 
After counting the number of voids, the investment cores were then used for 
fabrication of copings by using dip wax technique. Ten investment cores of each 
group were weighed together before dip wax coping fabrication. The investment cores 
were then dipped into molten wax twice to create patterns over them with uniform 
thickness. The wax patterns over the investment cores were sprued without retrieval 
from their cores using 2.5mm diameter (12 gauge) sprue wax. Ring less system of 
investing was used. Sprues were attached at 45
0
 to the copings. After attaching all the 
patterns, the entire ring former was weighed. The value of the empty ring former and 
the combined weight of the investment cores obtained earlier were subtracted to get 
the weight of the wax patterns invested. Bellavest SH, and Bellasun investment 
materials were used, for the respective groups (Groups I, II, III – Bellavest SH, 
Groups IV, V, VI- Bellasun). They were invested again in their respective pressure 
investing conditions, as they were initially poured. (Groups I &IV – 14.7psi, Groups 
II & V – 35psi, Groups III & VI – 70psi).  
 
          
 
Investment cores sprued 
along with the dip wax 
copings over them at 45
0
 
angle to the patterns and 
invested. 
Diagram-5 
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Ten wax patterns of a group were invested in one ring. A minimum of 5mm space 
was maintained between patterns in all the investments. The group numbers (I-VI) 
were engraved onto the rings to avoid misperception. Burnout was done for 45min at 
900
0
C. Casting was done and the copings were divested. Sprues were cut and the 
copings were then sandblasted.  
 
1.7. NUMERICAL ANALYSIS OF THE NUMBER OF CAST NODULES ON 
FITTING SURFACE OF THE CAST COPINGS 
The grouping was maintained and a digital SLR mounted on a tripod was used. The 
voids on the mould surface of the investment cores would lead to consequent nodules 
in the copings cast over them. 
Unidirectional lighting was focused onto the copings at an axis perpendicular to the 
line of the camera lens. This was done to clearly help distinguish the nodules as 
elevations on the surface. No in-built or external flash was used.  
The following settings were used for recording the images: f 14, ISO 100, 90mm. A 
set of 3 photographs of each coping were taken of the axial wall and the occlusal 
surface together. The coping was rotated through 120
0 
by placing it on a 360
0
 
protractor to ensure that areas counted for cast nodules did not overlap. A total of 30 
images were obtained (10 copings x 3 images = 30 images). The number of nodules 
was counted using the Picasa software to locate the points of contrast. 
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PART 2: ANALYSIS OF AIR PERMEABILITY OF INVESTMENTS SET 
UNDER DIFFERENT PRESSURES 
In the second part of this study, the effect of air pressure investing on the permeability 
of the investment was analyzed. For this purpose, galvanized iron pipes of diameter 
22mm, and height 40mm with threads on one end to lock it with a plastic lid and hold 
the investment material during setting were used.  
2.1. GROUPING OF THE SAMPLES 
A total of 30 such rings were obtained. They were divided into six groups similar to 
that for the first section.  
TABLE 4: GROUPING OF SAMPLES FOR EVALUATING AIR 
PERMEABILITY 
Test 
Group 
Investment 
material 
Investment conditions n Pressure  
(in psi) 
I Bellavest SH 
(Investment A) 
Atmospheric pressure      (A-WOP) 5 14.696 
II Air pressure 1                   (A-WP1) 5 35.000 
III Air pressure 2                   (A-WP2) 5 70.000 
IV Bellasun 
(Investment B) 
Atmospheric pressure      (B-WOP) 5 14.696 
V Air pressure 1                   (B-WP1) 5 35.000 
VI Air pressure 2                   (B-WP2) 5 70.000 
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2.2. AIR PRESSURE INVESTING OF THE RINGS 
The rings were locked with plastic lids and investment was poured into each of them 
to a depth of 6mm. This was verified by means of markings made on the inside to 
indicate the level.  
Group I: Bellavest SH invested at atmospheric pressure (A-WOP) 
Bellavest SH investment material was dispensed into the vacuum mixer according to 
the recommended P: L ratio specified by the manufacturer. Vacuum mixing of the 
investment was done and the 10 iron pipes with fitting lids were placed on a vibrator 
and the investment material was poured into them to a height of 6mm (lines marked 
on the inside of the rings). A vibrating time of 30s was used. A plastic jug was 
inverted over the setting investment ring placed on bench top to avoid escape of 
moisture and to maintain the humidity while maintaining atmospheric pressure 
(14.696psi). A setting time of 60 min was allowed. 
Group II: Bellavest SH invested at 35psi (A-WP1) 
The investment material was mixed, poured and vibrated similar to the samples of 
Group I. Following a vibrating time of 30s, the pipes with the poured investments 
were carried into the pressure vessel for application of external air pressure. It was 
programmed for a period of 60min at 25
0
C. External air pressure of 35psi was 
maintained constant over the period of setting. 
Group III: Bellavest SH invested at 70psi (A-WP2) 
The procedure for this group was similar to Group II but a higher pressure of 70psi 
was used in the pressure vessel for the same period of time (60min) at 25
0
C.  
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Group IV: Bellasun invested at atmospheric pressure (B-WOP) 
Ten iron pipes were then invested with Bellasun investment material following the 
same protocol as that of Bellavest followed in Group I. 
Group V: Bellasun invested at 35psi (B-WP1) 
This group of samples, following vacuum-mixing and air investing of Bellasun 
investment material, was placed in the pressure pot for external application of 35psi 
for 1hr; the other corresponding parameters being the same. 
Group VI: Bellasun invested at 70psi (B-WP2) 
Using Bellasun investment material, the procedure was again followed for ten 
samples but a higher pressure of 70psi was used in the pressure vessel during the 
setting of the investment material.  
The lids were unscrewed from the pipes. All the rings were then placed in furnace and 
burnout done. Breakup of samples of air permeability analysis: 
        
 
 
Group I Bellavest SH (5 samples),  
Group IV Bellasun (5 samples)  
Group II Bellavest SH (5 samples),  
Group V Bellasun (5 samples) 
Group III Bellavest SH (5 samples),  
Group VI Bellasun (5 samples) 
14.70 psi 
35.00 psi 
70.00 psi 
MATERIALS AND METHODS 
 
 
38 
 
  
2.3. AIR PERMEABILITY TESTING OF THE SET INVESTMENT DISCS 
Blaine’s air permeability apparatus consists of a U-tube manometer, it has a ground 
glass joint, rubber aspirator bulb, an air lock, and a tapering rubber cock for locking 
the ring poured with the investment. 
The left arm of the U-tube was connected to the rubber cock and has a side outlet for 
connecting with a rubber tube leading to the aspirator bulb. The side outlet had a 
valve that could be opened or closed to seal the air column in the left arm of the  
U-tube to the aspirator bulb. The right arm of the U-tube was open ended. Two levels 
were marked on the left arm of the tube: A and B. The distance between these points 
was fixed as 70mm. Manometer fluid (Bromoethybenzene) was poured into the  
U-tube to level of ‘A’.  
 
 
Rubber cock 
U – Tube Manometer 
Aspirator Bulb 
Air Lock 
Mechanism 
A 
B 
Diagram-6 
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Now the samples of the iron pipes with the set investment rings in them on top were 
mounted onto the tapering rubber cock with the valve on the side arm in the ‘open’ 
position. The aspirator bulb was compressed to squeeze air into the left arm of the u 
tube and displace the level of manometer fluid from level A (rest position) to level B. 
The valve was then closed. The time taken for the manometer fluid to return to level 
A was recorded by means of a stopwatch. 
              
 
 
 
Since the air column above the meniscus on the left arm is sealed after the valve is 
closed, return of the fluid level back to position A requires that external air pass 
through the 6mm thick set investment disc. Thus the amount of time required for this 
passage of air through the investments set under different conditions would indicate 
Closed position with 
the valve  
against the tube 
Open position with 
the valve  
along the tube 
Diagram-7 Diagram-8 
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how much permeable the samples were, relative to one another, these values were 
tabulated for the comparison. 
Other factors remaining constant, the permeability of the investment materials is an 
indirectly proportional function; of the time taken by air to pass through the same 
thickness of material. These values were tabulated and compared.  
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PART I: ANALYSIS OF VOIDS ON INVESTMENT, CAST NODULES ON 
COPINGS 
FABRICATION OF WAX MOULDS FROM STANDARDIZED DIE 
 
Fig.1. Standardized dies Simulating Maxillary molar crown preparation fabricated by 
CNC milling 
 
 
Fig.2. Ten metal dies arranged on a 
Die stone base for purpose of wax 
mold fabrication 
 
 
Fig.4. Wax mold for ten metal dies 
formed by pouring wax over the metal 
dies mounted on the base 
 
 
 
 
 
 
Fig.3. The metal dies were locked into 
the base loosely by means of pindex 
holes and the tags left below the dies 
following milling 
 
 
Fig.5. Wax wells in the block simulate 
the internal shape of a wax pattern over 
the standard die. 
FIGURES 
 
 
GROUPING OF WAX MOULDS AND PREPARATION FOR INVESTING 
 
Fig.6. Six wax blocks, each with ten wax molds were made, one for each group of 
investment 
 
 
Fig.7. Surface tension reducing agent was applied carefully over the wax wells prior 
to pouring of the investment. Care was taken to avoid pooling of excess lubricant. 
I 
II 
III 
IV 
V 
VI 
FIGURES 
 
 
INVESTING OF SAMPLE
 
Fig.8. Investment material was mixed 
under vacuum and poured into the wax 
wells. It was vibrated for 30s. 
 
 
 
Fig.9. Following vibration, the wax 
molds with the setting investment 
material was then kept in the pressure 
vessel for Groups II,III,V,VI 
AIR PRESSURE APPLICATION DURING SETTING WITH A PRESSURE 
POT 
 
 
Fig.10. Pressure pot was programmed 
to a cycle of 60min at 25
0
 C at 35 psi 
for Groups II, IV 
 
 
 
 
 
 
 
Fig.11. Pressure pot was programmed 
to a cycle of 60min at 25
0
 C at 70 psi 
for Groups III, VI 
FIGURES 
 
 
OBTAINING THE INVESTMENT CORES 
 
Fig.12. Pouring of investments completed for all six groups 
 
 
Fig.13. Following the final set of the 
investment, the wax molds were 
broken to retrieve the investment cores 
from within them 
         I          II                   III
 
 
 
Fig.14. Retrieved investment cores for 
each group 
 
     IV     V  VI 
 
 
I 
II 
III 
IV 
V 
VI 
Fig.15,16. Lineup of samples before Burnout 
 
FIGURES 
 
 
BURNOUT OF THE SAMPLES 
            
      Fig.17. Samples placed in Furnace  Fig.18. Burnout Completed 
  
 
Fig.19. Line up of samples after Burnout 
 
 
 
I II III 
IV V VI 
FIGURES 
 
 
NUMBER OF VOIDS ON SURFACE OF INVESTMENT CORES 
Fig.20. BELLAVEST Investment. Groups I-III 
            
Surface voids – A-WOP  Surface voids – A-WP1      Surface voids – A-WP2   
 
Fig.21. BELLASUN Investment. Groups III-VI 
           
Surface voids – B-WOP      Surface voids – B-WP1         Surface voids – B-WP2 
 
Fig.22. BELLAVEST Investment. Groups I-III 
     
Surface voids – A-WOP Surface voids – A-WP1    Surface voids – A-WP2 
 
Fig.23. BELLASUN Investment. Groups III-VI 
   
Surface voids – B-WOP       Surface voids – B-WP1      Surface voids – B-WP2 
FIGURES 
 
 
COPING FABRICATION OVER THE INVESTMENT CORES 
DIP WAX COPINGS FOR THE INVESTMENT 
 
Fig.24. Lineup of samples following dip wax copings for all the six groups of 
investment cores 
 
INVESTING AND CASTING OF THE PATTERNS 
 
Fig.25. Pouring of the respective investment and setting under the same conditions as 
used in fabrication of the respective cores 
I 
II 
III 
IV 
V 
VI 
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DIVESTING OF THE COPINGS AND SANDBLASTING 
 
Fig.26. Divestment and removal of the copings 
 
 
LINEUP OF CAST COPINGS SORTED IN THEIR RESPECTIVE GROUPS 
 
Fig.27. Removal of sprues and sandblasted copings 
I II III 
IV V VI 
I 
II 
III 
IV 
V 
VI 
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ANALYSIS OF THE FITTING SURFACE OF COPINGS FOR CAST 
NODULES 
Fig.28. Samples invested with BELLAVEST – SH 
 
Fitting surface of A-WOP Fitting surface of A-WP1 Fitting surface of A-WP2 
 
Fig.29. Samples invested with BELLASUN 
 
Fitting surface of B-WOP Fitting surface of B-WP1 Fitting surface of B-WP2 
 
PART II: ANALYSIS OF AIR PERMEABILITY OF INVESTMENT SET 
UNDER DIFFERENT PRESSURES
           
Fig.30. Galvanized iron pipes of 
2.5mm diameter with threads on one 
end 
Fig.31. Screw caps in PVC to lock the 
GI pipes during pouring of investment 
 
 
FIGURES 
 
 
INVESTING OF THE RINGS 
 
Fig.32. Pouring of investment material to a height of 6mm into the pipes locked on 
one end by the PVC caps 
 
Fig.33. Placement of the samples in a pressure pot following investing 
 
AIR PRESSURE APPLICATION DURING SETTING WITH A PRESSURE 
POT 
  
Fig.34. Pressure pot was programmed 
to a cycle of 60min at 25
0
 C at 35 psi 
for Groups II, IV 
 
Fig.35. Pressure pot was programmed 
to a cycle of 60min at 25
0
 C at 70 psi 
for Groups III, VI 
FIGURES 
 
 
REMOVAL OF THE LIDS AND LINEUP OF SAMPLES 
 
 
Fig.36. Lids removed from the pipes. Set investment discs of 6mm thickness obtained 
 
 
 
 
 
 
 
Fig.37. The investments were 
subjected to burnout 
 
 
 
Fig.38. Blaine’s Air permeability 
testing apparatus 
 
 
 
I 
II 
III 
IV 
V 
VI 
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TESTING OF THE AIR PERMEABILITY BY MEASURING TIME TAKEN 
BY AIR TO PASS THROUGH THE INVESTMENT DISCS 
 
 Fig.39. Starting position            
 
Fig.40. End position 
 
The Time taken for the level to rise from B to A indicates the rate of passage of air 
through 6mm of investment 
A A 
 
B B 
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The present study evaluated the effect of application of air pressure during the setting 
of investment material, on the number of voids in investment; and number of cast 
nodules on resultant copings for three different pressures (14.7 psi, 35psi, 70psi). The 
air permeability of the investments set under the same pressures was also evaluated. 
I. The number of voids on the surface of 60 samples of investment cores 
(Groups I-VI) is presented.                                      .. 
 
TABLE 5: NUMBER OF VOIDS ON SURFACE OF INVESTMENT CORES 
 Bellavest SH Bellasun 
Sample WOP WP1 WP2 WOP WP1 WP2 
1 30 12 7 16 10 7 
2 35 12 5 29 8 4 
3 27 7 8 26 7 3 
4 30 9 6 32 9 4 
5 25 8 7 28 6 7 
6 27 8 12 25 4 5 
7 23 6 4 23 4 8 
8 18 9 4 32 5 7 
9 23 14 9 25 5 7 
10 19 8 9 26 5 5 
Mean 25.70 9.30 7.60 26.20 6.30 5.70 
 
II. The number of cast nodules on the surface of 60 samples of investment cores 
(Groups I-VI) obtained was as follows:                                      .. 
 
TABLE 6: NUMBER OF CAST NODULES ON FITTING SURFACE OF COPINGS 
 Bellavest SH Bellasun 
Sample WOP WP1 WP2 WOP WP1 WP2 
1 27 12 4 16 6 10 
2 33 4 5 28 6 6 
3 27 6 6 25 2 7 
4 30 7 4 30 7 3 
5 24 2 2 28 4 4 
6 25 2 4 24 6 1 
7 20 6 6 22 3 4 
8 17 2 3 30 6 3 
9 20 3 2 20 5 5 
10 16 6 2 26 8 5 
Mean 23.80 5.00 3.80 25.40 6.10 4.80 
RESULTS 
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III. Time taken for air to pass through the specimens (Groups I-VI) is presented 
TABLE 7: TIME TAKEN FOR AIR TO PASS THROUGH INVESTMENT 
DISCS  
 Bellavest SH (in sec) Bellasun (in sec) 
Sample WOP WP1 WP2 WOP WP1 WP2 
1 44 83 216 29 52 83 
2 39 93 212 32 55 73 
3 32 101 194 40 53 69 
4 32 127 182 27 63 71 
5 35 95 198 28 64 67 
Mean 36.40 99.80 200.40 31.20 57.40 72.60 
 
After obtaining these values from the study, statistical analysis was performed.  
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CHARTS: 
1. NO. OF VOIDS IN INVESTMENT  
COMPARISON BETWEEN BELLAVEST AND BELLASUN 
 
2. CAST NODULES IN INVESTMENT 
 
0
5
10
15
20
25
30
Bellavest SH Bellasun
25.7 26.2 
9.3 
6.3 
7.6 
5.7 
WOP WP1 WP2
0
5
10
15
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4.8 
WOP WP1 WP2
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3. TIME TAKEN FOR AIR TO PASS THROUGH SPECIMEN (in sec): 
 
 
 
 
 
 
 
 
 
 
 
36.4 31.2 
99.8 
57.4 
200.4 
72.6 
0
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KRUSKAL WALLIS TEST: 
The Data was quantitative in nature, and as the number of samples was less than 
30, Non parametric tests were used as the test of significance. Kruskal Wallis test 
was selected as it satisfied the parameters (Quantitative data, N<30). The mean 
that was computed for each group and the standard error and range determined 
through statistical analysis was subjected to Kruskal Wallis test to identify 
whether the difference among the groups was significant enough for a 
comparative study among different groups. 
 
TABLE 9: Non Parametric Kruskal Wallis Test 
  Bellavest SH Bellasun 
Pressure  Mean 
Rank 
Chi-
Square 
Df Asymp. 
Sig. 
Mean 
Rank 
Chi-
Square 
Df Asymp. 
Sig. 
No. of 
Voids 
N=10 
WOP 25.50  
20.397 
 
2 
 
.0001 
25.50  
19.737 
 
2 
 
.0001 
WP1 12.35 11.25 
WP2 8.65 9.75 
No. of 
Cast 
nodules 
N=10 
WOP 25.50  
19.941 
 
2 
 
.0001 
25.50  
20.233 
 
2 
 
.0001 
WP1 11.55 12.15 
WP2 9.45 8.85 
Time 
taken 
for air 
to pass 
N=10 
WOP 3.00  
12.522 
 
2 
 
.002 
3.00  
12.500 
 
2 
 
.002 
WP1 8.00 8.00 
WP2 13.00 13.00 
 
ANALYSIS NO 1: (For No. of voids in the investment) 
TEST USED: Kruskal Wallis 
For Bellavest Group: 
The mean no of voids in Bellavest WOP was 25.70 ± 5.23 which was found to be 
significantly higher (p=0.0001) [Table 9] than Bellavest WP1 (9.3± 2.54) and 
Bellavest WP2 (7.6±2.37) [Table 8] respectively  
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For Bellasun Group: 
The mean no of voids in Bellasun WOP was 26.20 ± 4.66 which was found to be 
significantly higher (p=0.0001) [Table 9] than Bellasun WP1 (6.3± 2.11) and Bellasun 
WP2 (5.7 ± 1.70) [Table 8] respectively  
 
ANALYSIS NO 2: (For No. of cast nodules in the coping) 
TEST USED: Kruskal Wallis  
For Bellavest Group: 
The mean no of cast nodules in Bellavest WOP was 23.80 ± 5.75 which was found to 
be significantly higher (p=0.0001) [Table 9] than Bellavest WP1 (5.0 ± 3.12) and 
Bellavest WP2 (3.8 ± 1.55) [Table 8] respectively 
For Bellasun Group: 
The mean no of cast nodules in Bellasun WOP was 25.40 ± 4.20 which was found to 
be significantly higher (p=0.0001) [Table 9] than Bellasun WP1 (6.10 ± 2.47) and 
Bellasun WP2 (4.80 ± 2.49) [Table 8] respectively  
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ANALYSIS NO 3: (For time taken for air to pass) 
TEST USED: Kruskal Wallis 
For Bellavest Group: 
The mean time taken for air to pass was 36.40 ± 5.13 which was found to be 
significantly lower (p=0.002) [Table 9] than in groups WP1 and WP2 with respective 
means of 99.80±16.53 and 200.40±13.81 [Table 8].  
For Bellasun Group 
The mean time taken for air to pass was 31.20 ± 5.26 which was found to be 
significantly lower (p=0.002) [Table 9] than in groups WP1 and WP2 with respective 
means of 57.40±5.68 and 72.60±6.23 [Table 8].  
 
POST-HOC ANALYSIS-  MANN WHITNEY TEST: 
Now that the Kruskal Wallis test has revealed the statistical significance of the 
comparison, Mann-Whitney test was done to compare the significance of 
difference between individual groups. This was done to verify whether there was 
a significant difference between application of 70 psi and 35 psi and also the 
extent to which application of pressure reduced the number of voids and cast 
nodules. Similarly, the difference between times taken by air to pass through 
investments set at different pressures was also evaluated. 
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ANALYSIS NO 1: (For No. of voids in the investment) 
TEST USED: Mann Whitney 
For Bellavest Group: 
The intergroup analysis between groups WOP and WP1 in Bellavest SH reveals a 
statistically significant difference (p = 0.0001). Similarly there is a significant 
difference between groups WOP and WP2 (p = 0.0001). But the comparison between 
WP1 and WP2 shows that the difference observed is not supported by statistical 
evidence (p = 0.157) [Table 10]. The tendencies of increase presented earlier are 
confirmed. 
For Bellasun Group: 
The intergroup comparison of groups WOP and WP1 in Bellasun concludes that there 
is a statistically significant difference (p = 0.0001). Also there is a significant 
difference between groups WOP and WP2 (p = 0.0001). Also noted in the test is that 
the application of 70 psi does not reduce the number of voids to a notable extent than 
those invested at 35 psi (p = 0.563) [Table 11]. 
Thus there is compelling evidence to conclude that in both Bellavest SH, Bellasun, 
application of 35 psi and 70 psi, have a significant decrease in number of voids in 
investment. But the application of 70 psi does not have a marked decrease in voids 
compared with that of 35psi. 
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ANALYSIS NO 2: (For No. of cast nodules in the coping) 
TEST USED: Mann Whitney  
For Bellavest Group: 
The difference between WOP and WP1 is significant (p = 0.0001) and also the 
difference between WOP and WP2 (p = 0.0001). But the difference between WP1 and 
WP2 is not statistically significant (p = 0.416) [Table 10]. 
For Bellasun Group: 
The comparison of WOP and WP1 is significant (p = 0.0001); also is the difference 
between WOP and WP2 (p = 0.0001). But the difference between WP1 and WP2 is 
not relevant. (p = 0.206) [Table 11]. 
It proves that in both Bellavest SH, Bellasun, application of 35 psi and 70 psi have a 
significant decrease in number of cast nodules. But the application of 70 psi does not 
have a marked decrease in cast nodules compared with that of 35psi. 
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ANALYSIS NO 3: (For time taken for air to pass) 
TEST USED: Mann Whitney 
For Bellavest Group: 
The comparison reveals that there is a significant difference in all three comparisons- 
WOP and WP1 (p = 0.009); WOP and WP2 (p = 0.009); WP1 and WP2 (p = 0.009) 
[Table 10]. Thus application of external pressure affects the permeability at all 
pressures (14.70 psi, 35 psi, 70 psi).  
 
For Bellasun Group 
The time taken for air to pass is different in all three pressures- WOP, WP1, WP2  and 
the difference in each comparison is statistically significant: WOP vs WP1 (p = 
0.009); WOP vs WP2 (p = 0.009); WP1 vs WP2 (p = 0.009) [Table 11]. 
It is observed that in both Bellavest SH and Bellasun, increase in air pressure 
decreases the permeability of investment to air. This change is observed at both 
pressures. Consequently there is a significant decrease in air permeability at 70 psi 
compared to 35 psi, whereas in ANALYSIS NO.2, this increased pressure has not 
found to produce statistically significant reduction in the number of cast nodules. 
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Dental casting accuracy and surface detail reproduction necessitate elimination of 
casting defects, surface roughness and nodules that arise as a result of the lost wax 
technique. Any effort in this regard would save valuable clinical time spent in 
adjusting the fixed prosthesis as well as improve the marginal fit. 
Phillips RW 
29
 emphasized the importance of vacuum investing to eliminate air 
incorporation during mixing. Comprehensively, Lacy AM
19
, Scrabeck JG
32
,  
Morrison JT
24
 reviewed the different investing variables on the incidence of bubbles 
cast to wax patterns invested in phosphate-bonded materials and elevated the 
importance of high L/P ratio, mixing under vacuum, use of debubblizer and found 
significantly fewer porosities observed in investments mechanically mixed with 
vacuum, and highlighted its potential for accurate castings. Chandler HT 
8
, introduced 
the concept; and later Johnson A 
16
 studied the application of external air pressure 
during the investing process; and were able to reduce the incidence of cast nodules 
significantly. Winstanley RB, worked in partnership with Johnson A 
14,15
 to advance 
his study by using 0.275MPa of air pressure, only to find out that the volume of the 
trapped air bubbles were more related to the angle of spruing rather than other 
investing conditions; whereas the number of air bubbles was indeed affected by the 
external pressure. 
A recent study published by Tourah A et al 
37
 again stands to prove the effect of 
setting under air pressure that reduced the surface pores and irregularities of dental 
investment materials. 
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A careful review of literature would point to one obvious fact - the application of 
external air pressure is a time tested and proven method of reducing the incidence of 
air bubbles (porosity) during the investing process. This has been and is continued 
on, as a practice in many laboratories to date. But in light of the recent studies there is 
an apparent lack of literature on the influence of the application of external air 
pressure on the resultant air permeability of the investment. Permeability was defined 
as the measure of the ease with which air could permeate through a porous medium. 
Permeability of investment material and porosity are two different factors. The 
difference between porosity and permeability was laid out by Tidy DC in his study: 
porosity was the proportion of the bulk volume occupied by voids and it has no 
reference to permeation of air unless those voids were all interconnected.  
Shell JS 
33
 was the first to study the permeability of investment as varied by the burn-
out temperature. He postulated that fusion of some chemicals could seal off some 
passages decreasing the permeability moderately with longer burn-out times or by 
increased temperatures. Tidy DC 
36
 did a complete study on the permeability of dental 
casting investments and found the effect of different variables affecting the 
permeability of air. The W/P ratio and the burn-out temperature were found to be the 
key factors bringing about change in the permeability. The absolute permeability 
value of the then phosphate-bonded investment material was found to be 5430nm
2
. 
Thinner mixes of investment were more permeable.  
This permeability of the investment to air during the actual casting process is an issue 
less debated on but is indeed the most important factor that would determine the 
elimination of the back pressure. This deleterious build-up of the back pressure has 
been shown to create deficient castings. 
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Back pressure refers to pressure opposed to the desired flow of the molten metal into 
the mold space. This is constituted by the air present within the cavity formed 
following burnout. Typically the escape of this air occurs via permeation through the 
bulk of investment above the mold formed by the pattern. This thickness of 
investment is usually kept to less than 6mm to facilitate easy passage of air. 
In the present study, the effect of application of an external air pressure on the setting 
of investment materials was analyzed to see if there is an association. A standardized 
maxillary molar die was made in metal and was duplicated by using wax. Wax molds 
were then used to fabricate investment cores that were poured under three conditions- 
at atmospheric pressure (14.70 psi), at 35psi and 70psi. Vacuum mixing and air 
investing, ensured elimination of other confounding variables. Then dip wax copings 
were fabricated and cast in metal. The investment cores and the copings were 
subjected to numerical analysis of the voids.  
After this, the results obtained were tabulated. A non-parametric, Kruskal Wallis test 
was used (since there were three variables in comparison at each stage) to identify if 
there was any statistical significant difference among those groups. The post-hoc, 
Mann Whitney test, was done to reveal the extent of inter-group variations. 
It was observed that the samples invested at atmospheric pressure exhibited greater 
incidence (the mean value being  25.07±5.23 for Bellavest SH and 26.20 ± 4.66 for 
Bellasun) of air bubbles on the external surface of the investment cores, irrespective 
of the investment material used (Bellavest/Bellasun).  
The use of external air pressure during the setting process was found to significantly 
decrease the occurrence of such voids (9.3± 2.54 for Bellavest and 6.3± 2.11 for 
Bellasun) when 35 psi was used. This decrease was found to be statistically 
DISCUSSION 
 
 
57 
 
  
significant in comparison with those invested at 14.70psi (p=0.001). The study goes 
on to evaluate the confines of this lucrative intervention, by using a higher pressure of 
70psi being maintained on the investment for the same period of 60min setting time. 
The results thus obtained for 70 psi were as follows: 7.6±2.37 mean number of voids 
for Bellavest and 5.7±1.70 for Bellasun, the difference of which is statistically 
significant (p=0.0001) when compared with the samples invested at atmospheric 
pressure (14.70psi).  
This added effort of additional compression (70 psi) has not been found to decrease 
the voids, in comparison with samples invested at 35psi, to an extent that would be 
considered statistically significant (p = 0.157 for Bellavest, p = 0.563 for Bellasun, 
calculated by Mann Whitney inter- group comparison of WP1 and WP2).  
To observe the clinical significance of the voids, copings were fabricated directly by 
dip wax coating the investment cores obtained earlier. Following casting, the copings 
were retrieved, sandblasted and the fitting surface was analyzed for the number of cast 
nodules.  
The number of cast nodules in copings fabricated by investing in atmospheric 
pressure was found to be 23.80 ± 5.75 (Bellavest) and 25.40 ± 4.20 (Bellasun) which 
shows a marked contrast with those invested at 35psi, which presented values of 5.0 ± 
3.12 and 6.10 ± 2.47 respectively for Bellavest SH and Bellasun investments 
(p=0.0001). 
The use of a higher pressure of 70 psi produced similar results to those obtained in the 
stage of assessment of the number of voids. 3.8 ± 1.55 was the mean number of cast 
nodules observed in Bellavest SH and 4.80 ± 2.49 in Bellasun. This was again lower 
than the incidence of cast nodules in samples invested at 35psi but the difference was 
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not significant statistically (p= 0.416 for Bellavest, p = 0.206 for Bellasun, calculated 
by Mann Whitney inter-group comparison of WP1 and WP2) 
The present study tends to conclude that application of external air pressure is highly 
effective in decreasing the porosity of the investment, especially at the pattern-
investment interface, resulting in accurate castings.  
Next, the inevitable question is whether the reduced porosity and denser investment 
would impede air permeability and lead to buildup of Back pressure; and if that Back 
pressure would affect the molten metal inflow, significantly enough to cause defective 
castings. To evaluate how external pressure would affect the permeability of 
investment to air, time taken for air to pass through 6mm thickness of investment 
discs set under different pressures was measured. The results were put through 
statistical analysis.   
The time taken for air to pass through the 6mm thick investment disc set under 
atmospheric pressure (14.70psi) was found to be 36.40±5.13s for Bellavest SH and 
31.20±5.26s for Bellasun investment material. When external air pressure of 35 psi 
was applied during the setting reaction, the time taken for air to pass was 
99.80±16.53s and 57.40±5.68s for Bellavest SH and Bellasun investment materials 
respectively. On increasing pressure to 70 psi, it was found that the air takes 
200.40±13.81s to escape through the same 6mm thickness of Bellavest SH 
investment, whereas in Bellasun, the time taken was 72.60±6.23s for the same to 
occur. These differences were found to be statistically significant (p=0.002) for both 
Bellavest SH and Bellasun materials. 
Now, analyzing the facts it is apparent that the time taken by air to escape the mold 
space has an inverse relation to any external pressure applied during the setting 
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process that tends to produce denser investment compacts. All these measurements 
were made over samples that were burnt-out at 900
0
 C. Inter-group analysis revealed 
the significance of the difference with respect to three pressures statistically: 14.70psi, 
35psi, 70psi were markedly in contrast with one another. It points to the obvious 
conclusion that there is a proven effect of the air application on the permeability of 
investment, with a marked tendency toward reduced air permeability on increasing the 
pressure at investing. 
To summarize, from the results obtained from Kruskal Wallis test, there is a statistical 
significance between the six groups based on number of voids, cast nodules, time 
taken for air to pass.  
From post-hoc analysis, it was clear that there on evaluation of the number of voids, 
there is statistical significance in Bellavest SH investment between groups I and II; I 
and III, but not between II and III (Results for Bellasun investment concur, 
correspondingly with significant differences among IV and V; IV and VI, but not 
between V and VI). Null hypothesis H01 is thereby, rejected. 
Study of the number of cast nodules on the fitting surface of the copings, on post-hoc 
analysis reveals that there is a significant difference in Bellavest SH investment 
between groups I and II; I and III, but not between II and III (Results for Bellasun 
investment follow parallel, with differences among IV and V; IV and VI, being 
significant while that between V and VI is not). Null hypothesis H02 is consequently 
rejected. 
Null hypothesis H03 was assumed on the criterion of air permeability variation. This 
again was found to be void. The conclusion was drawn based on the fact that, the post 
hoc analysis proves that there is a significant difference between groups I, II, and III 
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in all permutations, and groups IV, V and VI again among each other. This reveals 
that any application of external air pressure during investing has a significant effect 
on its air permeability as a whole. 
Thus, even though the method of application of external air pressure is a time tested 
method used by technicians to reduce the cast nodules, the reduced permeability of 
the investment to air has to be considered. Especially in cases of long span bridge 
work and restorations of more bulk of cast metal, complete evacuation of the mold 
space is necessary to produce a complete and accurate casting. Choice of air pressure 
investing in such cases would not be justified if the resultant casting would be 
deficient. There is a perfect level of balance between the air pressure application and 
the permeability of investment. Studies have shown that the use of 35-40psi is ideal. 
Certain studies and manufacturers of Pressure vessel (Wiropress) recommend a higher 
pressure for casting investments (approx. 70psi) but the factor of back-pressure 
buildup could be fatal, and negate any possible advantage that the air pressure 
investing would have on the surface accuracy. Newer studies have shown the 
incorporation of sacrificial graphite particles within the investment mix that would get 
burnt-out and provide better permeation of the investment to air during the casting 
process.  
Vacuum casting machines are another alternate that would reduce the occurrence of 
such defects. The use of vents is again a debated issue and it has always been 
confounded by the sprue diameter which seems to have an unknown relation. Thus 
application of controlled levels of external air pressure is effective in controlling the 
cast nodules on the fitting surface of copings and consequently a reduced chair-side 
adjustment time and improved marginal seating.  
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Limitations of the study: 
1. Even when vacuum mixing of the investment was done, air investing would 
incorporate bubbles into the mix. 
2. Retrieval of investment cores was done directly from the wax molds that 
would cause micro abrasions on the surface that would produce rougher 
investment cores. Since the surface roughness was not a parameter under this 
study it was not considered. 
3. The permeability of the investments to air was tested after burnout at room 
temperature in the study. The evaluation of permeability values at casting 
temperature requires complex equipment that needs to withstand high 
temperatures. 
4. Permeability of air also depends on the pressure gradient, and conditions 
during centrifugal casting that were not accounted for in the study. 
5. Only two pressures were tested in the study and this would not provide 
sufficient information to obtain a pressure-wise gradient related; variation of 
porosity, permeability values. 
6. The effects of Back pressure were not evaluated. Radiographic examination of 
the copings or stereomicroscopic evaluation of reproduction of fine lines 
would verify the incompleteness if any, in such castings. 
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This study was conducted to determine the effect of air pressure investing, on the 
porosity and permeability of two dental investment materials. Cast copings were 
fabricated to discern the clinical significance of bubbles incorporated at the pattern-
investment interface under different pressure conditions. The following conclusions 
are drawn from the study after a thorough statistical analysis.  
1. Application of external air pressure during investing caused a decrease in the 
number of air bubble entrapment at the wax pattern-investment interface and 
consequently, reduced voids on the investment surface.  
2. Use of 35psi has been found to significantly reduce the number of voids 
compared to the samples invested in atmospheric pressure. Increase in pressure to 
70psi was not found to decrease the number of voids significantly as compared to that 
of 35psi, although it exhibited a tendency towards smoother surfaces. 
3. Copings cast over the investment cores were found to produce consistent 
results with the number of voids produced. The use of 35psi was found to reduce the 
number of cast nodules and a significantly improved casting over those allowed to 
bench-set. A pressure of 70psi used produced smoother casting with fewer numbers of 
nodules but the improvement was less statistically significant as compared to that 
achieved by use of 35psi. 
4. An inverse relation was found when increasing the pressure of investing from 
35psi to 70psi with the investment’s air permeability. The time taken for air to pass 
through samples invested at 70psi was found to be twice as those invested at 35psi in 
Bellavest SH and 26.48% more in Bellasun. 
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5. Thus application of external air pressure during investment results in denser 
investments with reduced air permeability. 
An extension of the study evaluating the effect of a wide range of pressures would 
help derive a mathematical formula to precisely determine the relation between 
changes in air pressure during investing and the air permeability of an investment 
material. This may also help to elucidate the effects of external influences on the 
permeability and setting of the investment material. Future prospects in the study 
would be development of techniques to increase the permeability of the investment to 
air, while permitting application of air pressure during investing. This would help in 
producing accurately fitting castings irrespective of the size of the pattern. 
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